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ABSTRACT
O b je c t iv e : T h e  in te rna l tho rac ic  a rte ry  (ITA) is 
cu rre n tly  the  p re fe rre d  co n d u it fo r m yocard ia l 
re v a s c u la r iz a t io n ; h o w e ve r, p e r io p e ra tiv e  
va so sp a sm  o f th e  ITA  m ay cause  m orb id ity . 
P e d ic le  p re p a ra t io n  and  p h a rm a c o lo g ic a l 
va so d ila to ry  tre a tm e n t va ry  g rea tly . Th is 
c lin ica l s tu d y  w a s  pe rfo rm ed  in o rde r to  
d e fin e  th e  e ffe c tiv e n e s s  o f tw o  d iffe re n t 
a p p lic a tio n s  o f s o d iu m  n itro p ru s s id e  as 
va so d ila tin g  agen t.
M e th o d s : E igh ty -s ix  co n se cu tive  pa tien ts  w hose  
le ft ITA  w as  m o b ilize d  on ly  by one su rgeon  fo r 
e le c tive  co ro n a ry  a rte ry  bypass g ra ft ope ra tions  
w e re  ra n d o m ly  d iv id e d  in to tw o  g roups. The ITA 
w as a llow ed  to  b leed  free ly , and the  flow  w as 
d e te rm in e d  (flow  1) in g roup  I (n=42) 3 mg 
sod ium  n itro p ru ss id e  in 10 ml of 5%  dextrose  
s o lu tio n  w a s  s p ra y e d  w ith  p re ssu re  on the  
p e d ic le  w ith  a th in  25  g a u g e  need le . In g roup  II 
(n=44) ha lf o f th e  so lu tion  w as sp rayed  in the  
sam e  m anner, and the  o th e r ha lf o f the so lu tion  
w as  in jec ted  in to  the  ped ic le  in th e  pe ria rte ria l 
t issu e  a long  th e  leng th  o f the  ped ic le . F ree flow s  
o f th e  IT A  w e re  re g is te re d  b e fo re  
ca rd io p u lm o n a ry  bypass  (flow  2) and a lso  ju s t 
p rio r to  p e rfo rm in g  ITA a n a s to m o s is  to  the  le ft 
a n te r io r d e sce n d in g  a rte ry  (flow  3). W ith  each
m e a su re m e n t h e m o d yn a m ic  p a ram e te rs  and the 
tim e  be tw een  m e a su re m e n ts  w e re  recorded.
R e s u lts : No s ta tis tica lly  s ig n ifica n t d iffe rences 
w e re  found  be tw een  th e  g roups  in respect to sex 
ratio , age, body  su rface  a rea , hea rt rate 1 and 2, 
m ean a rte ria l p re ssu re  1 and  3. T he re  w as no 
s ig n ifica n t d iffe re n ce  in the  in itia l flow  am ong 
g ro u p s .S ig n ifica n t d iffe re n ce s  w e re  noted in the  
second  flow  m e a su re m e n t (p< 0 .05 ) and in the 
th ird  flo w  m e a su re m e n t (p< 0 .01 ) be tw een  tw o 
g roups. For each  g roup  the re  w as  a s ign ifican t 
in c re a se  in flo w  from  flo w  1 to flow  2 and from  
flo w  2 to  flo w  3 (p< 0 .02).
C o n c lu s io n :  S od ium  n itrop russ ide  in jection  to 
the  ped ic le  p ro v id e s  a b e tte r flo w  than  sim p le  
sp ray ing  o f the  sa m e  agen t.
K e y  W o rd s : S od ium  n itrop russ ide , Interna l 
th o ra c ic  a rte ry , V a so sp a sm , V asod ila ta tion .
IN T R O D U C T IO N
In te rna l th o ra c ic  a rte ry  (ITA) has becom e the 
co n d u it of ch o ice  fo r bypass  g ra fting  of the  left 
a n te rio r d e sce n d in g  a rte ry  (LAD ). T he  use o f an 
ITA  g ra ft to  the  LAD  has been assoc ia ted  w ith
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longer su rv iva l and  b e tte r q u a lity  of life  (1,2). 
N eve rthe less , p e rio p e ra tive  spasm  of the  ITA 
g ra ft has been  repo rted  to ca u se  pe rio p e ra tive  
m o rb id ity  (3-5). To  avo id  spasm  o f the  a rte ry , and 
in c re a se s  in its  d ia m e te r  and  flo w , v a rio u s  
m e thods and va so d ila to rs  have  been  used e ithe r 
in tra lu m in a lly  o r by top ica l app lica tion  by d iffe re n t 
su rgeons (6 -11). S od ium  n itro p ru ss id e  is one  of 
these  a gen ts  and  has been  rou tine ly  used in ou r 
c lin ic  s ince  1997. T h is  s tu d y  w as  d e s ig ne d  to 
d e te rm in e  the  e ffe c tiv e n e s s  o f tw o  d iffe re n t 
a p p lica tio n s  o f sod ium  n itro p ru ss id e  on the  flow  
o f the  ITA  ped ic le .
M A TE R IA LS  A N D  M E T H O D S
W e s tud ied  86 co n se cu tive  p a tien ts  w h o se  left 
ITA w as m ob ilized  fo r e le c tive  co ro n a ry  a rte ry  
bypass  g ra ft o p e ra tio n s  in a th ree  m onth  period  
fo llo w in g  J u ly  1999 . P a tie n ts  w h o  w e re  in 
h e m o d yn a m ica lly  u n s ta b le  co n d ition  o r show ed  
e v id e n c e  o f is c h e m ia  d u rin g  th e  o p e ra tio n , 
be fo re  c a rd io p u lm o n a ry  bypass , w e re  exc luded  
from  the  s tudy. A lso  sys te m ic  va so p re sso rs  or 
v a s o d ila to rs  w e re  n o t u se d . T h e  IT A  w as  
ha rves ted  by low  e n e rg y  e le c tro ca u te ry  and 
ligac lips  w ith  a w id e  p ed ic le  (at leas t 2 cm ) from  
the  subc lav ian  ve in  p ro x im a lly , to  the  b ifu rca tion  
d is ta lly  on ly  by the  sam e su rgeon . T he  p a tien t 
w as fu ll dose  hep a rin ise d  and ac tiva ted  c lo tting  
tim e  (A C T ) w a s  o v e r 3 0 0  s e c o n d s  b e fo re  
transec tion  of the  ITA. The  ITA w as  tra n se c te d  
abou t 1 cm  p rio r to  the  b ifu rca tio n  and  the  firs t 
flo w  m e a s u re m e n t w a s  ta k e n . F o llo w in g  
transec tion  the  ITA  w as a llow ed  to b leed  free ly  
fo r 60 se co n d s , then  the  b lood  vo lu m e  w as 
co lle c te d  fo r one  m inu te  in a sca led  co n ta in e r 
(flow  1). A t the  sam e tim e  the  hea rt ra te  (H R 1), 
m ean a rte ria l p re ssu re  (M A P 1)and  the  tim e  of 
the  m e a su re m e n t w e re  a lso  reco rded . Then  the 
tip  of the  a rte ry  w as o cc lu d ed  w ith  a ligac lip ,and  
the  a rte ry  w as la id on  a m o is t sw a b  w ith o u t tw is ts  
and the  non fac ia l su rfa ce  an te rio rly .
T he  va so d ila to ry  so lu tio n  w as  p re p a red  as 3 mg 
sod ium  n itro p ru ss id e  in 10 ml of 5%  de x tro se  
so lu tion  and kep t be tw een  the  fo lds  o f a s te rile  
d re s s in g  to  a vo id  lig h t. A fte r th e  firs t 
m e a s u re m e n t th e  p a tie n ts  w e re  ra n d o m ly  
a lloca ted  in one of the  g roups . In g ro u p  I (n=42) 
all o f the  va so d ila to ry  so lu tion  w as  sp rayed  w ith  
p ressu re  on th e  p ed ic le  from  a p p ro x im a te ly  10
cm  w ith  a th in  25  g a u g e  need le . In g ro u p  II 
(n=44) ha lf o f the  so lu tio n  w as  sp ra ye d  in the  
sa m e  m anne r, and  th e  o th e r ha lf o f th e  so lu tion  
w as  in jec ted  in to  the  p e d ic le  in th e  pe ria rte ria l 
t issu e  a long  the  le n g th  o f the  ped ic le . T hen  the  
p ed ic le  w as  w ra p p e d  w ith  the  so a ke d  sw ab  and 
p o s itio ne d  b e n e a th  th e  le ft s te rna l edge , and  w as 
le ft u n d is tu rb e d  until th e  se co n d  m e a su re m e n t 
tim e  ju s t b e fo re  th e  e s ta b lis h m e n t o f 
c a rd io p u lm o n a ry  b yp a ss . A ny  c lin ica l e v id e nce  of 
h yp o vo le m ia  a fte r the  a p p lica tio n  of va so d ila to ry  
s o lu tio n  w a s  n o te d . B e fo re  th e  s e c o n d  
m e a su re m e n t the  end  o f the  ITA  w a s  tr im m e d  to 
rem ove  th e  p a rt th a t w a s  o cc lu d e d  by the  ligac lip . 
B e fo re  c a rd io p u lm o n a ry  b yp a ss  th e  flow s  w e re  
re m e a su re d  (flow  2). T h e  tim e  b e tw e e n  the  tw o 
flo w  m e a su re m e n ts  (tim e  1), and  h e m o d yn a m ic  
p a ra m e te rs  (H R  2, M A P  2) w e re  a lso  recorded. 
F o llow ing  the  m e a su re m e n t, th e  tip  of the  ITA 
w a s  aga in  o cc lu d e d  w ith  a lig a c lip  until the  th ird  
m easu re m e n t. T he  th ird  flo w  m e a su re m e n t (flow  
3) w as  a lso  d e te rm in e d  ju s t b e fo re  th e  LAD  
a n a s to m o s is  d u rin g  the  ca rd io p u lm o n a ry  bypass  
in the  sam e  fa sh io n  as flo w  1 and  2. T h e  tim e  
be tw e e n  the  tw o  flo w  m e a su re m e n ts  (tim e  2), 
and  h e m o d yn a m ic  p a ra m e te rs  (H R  3, M A P  2) 
w e re  a lso  reco rded .
G ro u p e d  d a ta  a re  e x p re s s e d  as m ean  and 
s ta n d a rd  d e v ia tio n . C o m p a r is o n  o f th e  
p a ra m e te rs  b e tw e e n  g ro u p s  w a s  p e rfo rm e d  
us ing  unp a ire d  t-tes t, and  w ith in  each  g ro u p  by 
p a ire d  t- te s t, p < 0 .0 5  w a s  e x p re s s e d  as 
s ign ifican t.
RESULTS
T he  d e m o g ra p h ic  and  h e m o d yn a m ic  d a ta  o f the  
each g ro u p  a re  sh o w n  in T a b le  I. T h e re  w e re  no 
s ig n ifica n t ch a n g e s  w ith  re sp e c t to  sex ra tio , age, 
body  su rfa ce  a rea , h e a rt ra te  1 and  2, m ean 
a rte ria l p re ssu re  1 and  3 b e tw e e n  the  tw o  g ro u p s  
(T ab le  I). G ro u p  2 had  s ig n ifica n tly  lo w e r m ean 
a rte ria l p re ssu re  (M A P  2) th a n  g ro u p  1 (p< 0 .02 ) 
d u ring  th e  se co n d  flo w  m e a su re m e n t. B u t none 
of the  p a tie n ts  d e v e lo p e d  c lin ica l hypo tens ion  
a fte r the  in jec tion  of va s o d ila to ry  so lu tion . T he re  
w e re  s ig n ifica n t d iffe re n ce s  b e tw e e n  the  firs t and 
second  h e a rt ra tes  in each  g ro u p  (p< 0 .02 ).
F low  m e a su re m e n ts  o f th e  tw o  g ro u p s  a re  show n  
in T a b le  II. T he  tim e  1 and  2, am ong  th ree
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T a b le  I. P atien ts' clinical characteristics and hem odynam ic data
Group I
(Sodium nitroprusside 
sprayed)
Group II
(Sodium nitroprusside 
injection)
Male/female 37/7 36/6
Age (year) 55.2 ± 8.25 58.8 ±8.6
BSA (m2) 1.85 ± 0.15 1 85 ±0.13
Time 1 (min) 18.5 ± 4.1 18.8 ±3.9
Time 2 (min) 24.4 ± 13.8 25.6 ± 12.9
HR 1 63.9 ± 18,2 69.2 ±11.5
HR 2 80.9 ± 22.4 84 0 ± 17.5
MAP 1 73.1 ± 10.8 70.9 ±9.9
MAP 2 68.2 ± 13.6 61.9 ± 10.1
MAP 3 68.6 ± 15.5 69.5 ± 13.3
BSA: Body surface area; HR: Heart rate; MAP:Mean arterial pressure 
Time 1: between the first and second flows 
Time 2: between second and third flows
m e a s u re m e n ts  d id  n o t d is p la y  s ig n if ic a n t 
d iffe re n ce s  w ith in  each  g roup . A lso  the re  w as no 
s ig n ifica n t d iffe re n ce  in the  in itia l flow  am ong 
g roups. S ig n ifica n t d iffe re n ce s  w ere  no ted in the 
second  flow  m e a su re m e n t (p<0 .05) and in the  
th ird  flow  m e a su re m e n t (p<0.01) be tw een the 
tw o  g ro u p s . F o r e a ch  g ro u p  th e re  w as  a 
s ig n ifica n t in c re a se  in flow  from  flow  1 to flow  2 
and fro m  flo w  2 to  flo w  3 (p<0 .02). D uring the 
s tudy, no e p iso de s  of c lin ica lly  appa ren t ITA 
spasm  w e re  no ted .
T a b le  II. Flow ra te s  before and  after application of topical 
vasodilators.
Group 1
(Sodium nitroprusside 
sprayed)
Group It
(Sodium nitroprusside 
injection)
Flow 1 (ml/min) 21.6 ± 18.0 19.6 ± 17.2
Flow 2 (ml/min) 56.3 ±31.3 71.7 ±37.6
Flow 3 (ml/mln) 70.4 ±36.1 107.6 ± 60.1
D IS C U S S IO N
A n a to m ic  s tu d ie s  of the  ITA  show  th a t the 
p ro x im a l pa rt o f the  ITA  is a m uscu loe las tic  
a rte ry , the  m idd le  po rtion  an e las tic  a rte ry , and 
the  d is ta l se g m e n t a m u scu lo e la s tic  a rte ry  again
(12). P h ys io lo g ic  s tu d ie s  o f the  ITA  sh o w  the  
d is ta l se g m e n t of the  a rte ry  to have a h igh ly  
se n s itive  v a so co n s tr ic tive  response  (13). If the
d is ta l th ird  of the  ITA  cou ld  be resected , the re  
w ou ld  be less te n d e n cy  fo r the  ITA spasm , bu t of 
cou rse  th is  is not poss ib le  in m ost o f the  cases. 
P rev ious ob se rva tio n s  show  th a t the  ITA spasm  
occu rs  du ring  p repa ra tion , e spec ia lly  on the  last 
th ird  o f the  IT A  (9 ,1 0 ,1 3 ). V a rio u s  to p ica l 
va so d ila to rs  have been  s tud ied  to avo id  the 
spasm  o f the  ITA, and sod ium  n itrop russ ide  is 
one of these  agen ts .
F o llow ing  a c lin ica l s tudy, w e  have been using 
sod ium  n itrop russ ide  as d e scribed  in g roup  I for 
top ica l va so d ila to r s ince  1997 (11). C ooper and 
c o lle a g u e s  h a ve  sh o w n  th a t sod ium  
n itro p ru s s id e  is th e  m os t p o te n t va so d ila to r 
a m o n g  n ife d ip in e , g ly c e ry l tr in itra te  and 
pap a ve rin e  (8). The  co n ce n tra tio n  used in th is 
s tu d y  w a s  th e n  c r it ic iz e d  by S a sso n  and 
assoc ia tes  (9) and  a lso  by T a ta r and assoc ia tes
(14 ) in th a t c lin ic a lly  im p o rta n t b o u ts  of 
h yp o tens ion  w e re  e n co u n te re d . B e fo re  using 
rou tine ly , w e  a lso  tr ied  d iffe re n t concen tra tions  of 
sod ium  n itrop russ ide  and at last ag reed  on 3 mg 
in 10 cc, w h ich  d id  no t cause  c lin ica lly  im portan t 
hypo tens ion  bu t p rov ided  a be tte r resu lt than 
papave rine .
In the  p re pa ra tion  pe riod  o f ou r s tudy, w e noted 
bou ts  of hypo tens ion  w hen w e  in jec ted  all o f the 
va so d ila to ry  so lu tion  (3 m g sod ium  n itrop russ ide  
in 10 cc  5%  dex trose ) in to  the  ped ic le . W e then 
d e c id ed  to in jec t ha lf o f the  so lu tion  in to the 
ped ic le  and sp ray  the  o the r half ove r the  ped ic le , 
in th is  m a n n e r the re  w as a s ligh t dec rease  in 
sys tem ic  p re ssu re  bu t no c lin ica lly  im portan t bout 
of hypo tens ion  w as  noted. In the  s tudy, second 
m ean a rte ria l p re ssu re  m e asu rem en ts  (M AP 2) 
of the  tw o g ro u p s  sh ow ed  s ig n ifica n t d iffe rence , 
and an in s ig n ifica n t in c rease  in the  heart rate 
acco m p a n ie d  at the  sam e tim e , but the  low est 
m ean a rte ria l p ressu re  w as  49 m m  Hg in g roup  2. 
T h is  w as  a  to le ra b le  resu lt, so  none of the 
p a tien ts  w e re  e xc luded  from  the  study.
In a recen t paper, Nili and a ssoc ia tes  (15) report 
th a t the re  is no s ta tis tica lly  s ig n ifica n t d iffe rence  
be tw e e n  p a p a ve rin e , n itro g lyce rin , ve rapam il, 
n itrop russ ide  and norm a l sa line  on ITA flow , but 
th e  free  flo w  of the  ITA inc reased  s ign ifican tly  
w ith  tim e . A s im ila r resu lt w as  a lso  no ted by 
S asson  and asso c ia te s  (9), the  d is ta l segm en t of 
the  ITA  w as resec ted , no in fluence  of top ica l 
va so d ila to rs  on the  ITA flo w  w as  noted. Perhaps
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the  ITA  spasm  sp o n ta n e o u s ly  a ba tes  a fte r a 
p e rio d  o f tim e , b u t th e  e ffe c t o f to p ic a l 
vaso d ila to rs  on the  last th ird  o f the  ITA canno t be 
exc luded . O ften  how ever, it is no t p o ss ib le  to 
resect th is  m uch o f the  ITA, and it se e m s p ruden t 
to  use som e te ch n iq u e  to  m ax im ize  th e  free  flow  
w h ich  w ill no t je o p a rd ize  th e  arte ry.
S evera l o th e r p ro ce d u re s  to  im prove  the  flow  of 
the  ITA  have been  sugges ted . P rob ing  (16) or 
hyd ro s ta tic  d ila ta tio n  w ith  in tra lu m in a l d ilu ted  
p apave rine  in jec tion  (6) a re  m e thods used to 
m ax im ize  the  flo w  o f the  ITA. A lthough  adeq u a te  
b lood flo w  can be o b ta ined  w ith  each  o f these  
m ethods, even  a re la tive ly  low  fo rce  can cause  
co n s id e ra b le  d a m a g e  to  the  in tim a  and the  
in te rna l e la s tic  lam ina , p rim a rily  in the  m uscu la r 
se g m e n t o f the  a rte ry  (17). E ndo the lia l and  
m ed ia l dam a g e  is know n  to be a sso c ia te d  w ith  
increased  p la te le t and le u ko cy te  a dhes ion  and 
w ith  in c re a s e d  e a r ly  g ra ft th ro m b o s is  (18). 
P rob ing  of the  ITA ca u se s  e n d o the lia l ce ll loss 
and  im p a irs  v a s o d ila ta t io n  re s u ltin g  fro m  
p ros tacyc lin  and  e n d o th e liu m  de rive d  re lax ing  
fa c to r b e s id e s  h igh  in c id e n c e  o f in tim a l 
d issec tion  (19).
U sage of a top ica l v a so d ila to r fo r the  ITA  ped ic le  
is in our op in ion  an a p p ro p ria te  te ch n iq u e  ra the r 
th a n  p ro b in g  o r h y d ro s ta tic  d ila ta tio n  w ith  
in tra lum ina l in jec tion  to  in c re a se  ITA  flow . In the  
p resen t s tudy, w e  tr ied  an a lte rn a tive  app lica tion  
of sod ium  n itro p ru ss id e  w h ich  is ou r d rug  of 
cho ice  fo r top ica l va so d ila ta tio n .T h e  resu lts  show  
that, the re  are s ig n ifica n t d iffe re n ce s  be tw een  the  
tw o  g roups  fo r the  se co n d  (flow  2) and  th ird  (flow  
3) flow  m e a su re m e n ts . S od ium  n itro p ru ss id e  
in jec tion  to the  p e d ic le  in g ro u p  1 p ro v id e d  a 
be tte r resu lt w ith  a 549%  inc rease  from  flow  1 to 
flow  3. ve rsu s  325%  inc rease  in c lass ica l top ica l 
sp ray ing  of the  sam e agen t in g roup  2. T he re  are 
a lso s ig n ifica n t d iffe re n ce s  be tw een  flo w  1, flo w  2 
and  flo w  3 in e a ch  g ro u p  s e p a ra te ly . T h e  
d iffe rences  be tw een  flo w  2 and  flow  3 no te  the  
im po rtance  of tim e  on th e  ITA  spasm , bu t the  
d ram a tic  cha n g e s  from  flo w  1 to  flow  2 no te  the  
need o f top ica l vasod ila to rs .
In conc lus ion , so d iu m  n itro p ru ss id e  in jec tion  to 
the  ped ic le  p ro v id e s  a be tte r flow  than  s im p le  
sp ray ing  of the  sam e agen t. E spec ia lly  fo r the  
p a tie n ts  in w h o m  th e  d is ta l ITA  ca n n o t be 
resected , the  need fo r a m e thod  to m ax im ize  the
fre e  flo w  o f th e  IT A  s e e m s  re a s o n a b le . In 
p a tie n ts  u n d e rg o in g  c o ro n a ry  a r te ry  b yp a ss  
g ra fting  w ith  an ITA  g ra ft, w e  re co m m e n d  ca re fu l 
d isse c tio n  and  m in im a l d ire c t hand lin g  of th e  ITA, 
fo llo w e d  by so d iu m  n itro p ru ss id e  in jec tion  to  the  
p e d ic le  to a ch ie ve  m a x im a l flo w  in th e  ITA  gra ft.
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